The genus Phenylobacterium, a member of the class Alphaproteobacteria, family Caulobacteraceae, order Caulobacterales, was first described by Lingens et al. (1985) to accommodate aerobic, Gram-staining-negative, non-motile, non-acid-fast, non-spore-forming straight to slightly curved rods, coccobacilli or cocci, occurring singly, in pairs or in short chains, and bacteria having a unique preference for phenyl moieties from heterocyclic compounds, such as chloridazon, antipyrine and pyramidon. Later, the description of the genus Phenylobacterium was emended several times. The first emendation was that the genus comprised strict aerobes or facultative anaerobes, motile or nonmotile bacteria, and that strains may form rosettes (Kanso & Patel, 2004) . Following those emendations, some members of the genus Phenylobacterium were shown not to grow on L-phenylalanine (Tiago et al., 2005) and the range of DNA G+C content was described as 64-72 mol% (Zhang et al., 2007) . Recently, Abraham et al. (2008) emended that cells of some species had prosthecae and all members of the genus contained a 16S rRNA gene signature sequence. At the time of writing, the genus Phenylobacterium comprises seven recognized species isolated from various environments, such as soil (Phenylobacterium immobile; Lingens et al., 1985) , water (Phenylobacterium lituiforme; Kanso & Patel, 2004 ; Phenylobacterium falsum; Tiago et al., 2005) , a rotating biological contactor (Phenylobacterium conjunctum; Abraham et al., 2008) , activated sludge (Phenylobacterium koreense; Aslam et al., 2005) , compost (Phenylobacterium composti; Weon et al., 2008) and blood (Phenylobacterium haematophilum; Abraham et al., 2008) . In this study, we report the polyphasic characterization of a Phenylobacterium-like bacterial strain, A8 T , isolated from the beach soil of Muchangpo, Yellow Sea, Korea.
Strain A8
T was isolated from the beach soil of Muchangpo region (36 u 309 N, 126 u 509 E), Yellow Sea, Korea. Soil samples were suspended in distilled water and the suspensions were spread on R2A agar plates (Difco) after serial dilutions with distilled water. The plates were incubated at 25 uC for 1 week and one single colony, named A8 stored at 280 u C in R2A broth supplemented with 25 % (v/v) glycerol.
The 16S rRNA gene was amplified from a single colony by PCR with 2X DyeMIX DNA polymerase (Enzynomics) and the universal bacterial primer pair 27F and 1492R (Oh et al., 2009) . PCR was run for 25 cycles with a DNA thermal cycler (MJ Mini; Bio-Rad). The following thermal profiles were used for PCR: pre-denaturation at 95 u C for 3 min and a repeated cycle of denaturation at 95 u C for 20 s, primer annealing at 55 u C for 40 s and extension at 72 u C for 45 s; the final cycle included an extension at 72 u C for 10 min. The PCR product was purified using the HiYield Gel/PCR DNA Fragments Extraction kit (RBC Bioscience) and purified PCR products were sequenced by Solgent Co. Ltd (South Korea) using primers 27F, 337F, 805R and 1492R (Weisburg et al., 1991) . A full sequence of the 16S rRNA gene was assembled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database. Multiple alignments were performed by using the CLUSTAL X program (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) .
Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1980) . A phylogenetic tree was reconstructed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods in the MEGA 3 program (Kumar et al., 2004) or PHYLIP package (Felsenstein, 2005) with bootstrap values based on 1000 replications.
To determine phylogenetic position, a full 1441 bp nucleotide sequence of the 16S rRNA gene of strain A8
T was obtained and compared with those of relevant type strains in the family Caulobacteraceae of the class Alphaproteobacteria. Phylogenetic analyses showed that strain A8
T fell within the evolutionary radiation occupied by the genus Phenylobacterium with high bootstrap values and branched together with P. immobile (Lingens et al., 1985;  Fig. 1.) T was also missing nucleotides 71-88, 183-190, 206-211 and 452-476 (Escherichia coli numbering) (Abraham et al., 2008 Cell morphology and size were determined by phase-contrast microscopy (Nikon 80i). Gram staining was performed using the BD Gram stain kit according to the instructions of the manufacturer and by the non-staining method as described by Buck (1982) . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was assessed using the oxidase reagent (bioMérieux) according to the manufacturer's instructions after cultivation for 2 days. Acid production from glucose, assimilation of single carbon sources and additional physiological characteristics were determined using the API 20NE, API ID32GN and API ZYM galleries (bioMérieux). All tests were performed according to the instructions of the manufacturer, except that results were recorded after 7 days for API 20NE and API ID32GN galleries and after 2 days for API ZYM gallery. Additional single-carbon-source assimilation tests were performed using minimal medium B (Lingens et al., 1985) ): 100 mg pyridoxine hydrochloride, 50 mg calcium DL-pantothenate, 50 mg lipoic acid, 50 mg nicotinic acid, 50 mg p-aminobenzoic acid, 50 mg riboflavin, 50 mg thiamine hydrochloride, 20 mg biotin, 20 mg folic acid and 1 mg vitamin B 12 . Growth on L-phenylalanine, antipyrine or chloridazon as sole carbon source was determined in minimal medium B with trace elements solution and vitamin solution. Hydrolysis of casein (1 %, w/v), starch from rice (1 %, w/v), agar and Tween 80 (1 %, v/v) was tested as described by Smibert & Krieg (1994) , using R2A as basal medium. DNase activity was determined according to Blaschek & Klacik (1984) . For reference, the type strains of closely related species were included in this comparison and all tests were performed under the same conditions. NaCl tolerance was measured on half-strength nutrient agar (1/2 NA; Difco) containing 0, 0.5 % and 1-9 % NaCl (in intervals of 1.0 %, w/v). Plates were incubated at 25 u C for 7 days. Growth was assessed at 4, 10, 15, 20, 25, 30, 35, 40, 45 and 50 u C after 7 days of incubation on 1/2 NA. Growth at pH 5.0-11.0 (in intervals of 0.5 pH unit) was assessed in 1/2 nutrient broth (Difco) adjusted with HCl and NaOH at 25 u C for 7 days. The following antibiotics (Sigma) were tested on R2A medium using the disc-diffusion method (mg per disc): ampicillin (50), streptomycin (10), tetracycline (10), kanamycin (50), penicillin G (50), gentamicin (10) and chloramphenicol (25). Antibiotic sensitivity was assessed by looking for an inhibition zone of .1.0 mm after 7 days of incubation at 25 uC. Discriminating characteristics between strain A8
T and related type strains of the genus Phenylobacterium are summarized in the species description and Table 1 . There were differences between this study and the original description of P. conjunctum (Abraham et al., 2008) in assimilation of L-proline and malonate, and between this study and the original description of P. immobile (Lingens et al., 1985) in oxidase activity, which may have been caused by different methodology used such as biochemical identification test kits, media and culture time. Where the same methodology was used, results were consistent with previous reports (Aslam et al., 2005; Weon et al., 2008) . Although strain A8
T and P. immobile KACC 11962
T were similar in phenotypic characteristics, strain A8 T could be discriminated by its inability to assimilate antipyrine or chloridazon, and its tolerance of ampicillin. Strain A8 T could be distinguished from P. composti KACC 12597 T by colony colour, oxidase activity, tolerance to NaCl, motility, the inability to assimilate acetate, DL-lactate and succinate, and tolerance of ampicillin.
For the analysis of cellular fatty acids, strain A8
T and other type strains of species of the genus Phenylobacterium were cultivated for 3 days on R2A. The cellular fatty acids were saponified, methylated, extracted and analysed (Sasser, 1990) according to the protocol of the Sherlock Microbial Identification System (MIDI) by using the TSBA 40 method. Extracts were analysed by gas chromatography (Hewlett Packard 6890) and identified by comparing the fatty acid profiles with the TSBA 40 database provided with the Sherlock software 2.95. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum conditions, and reextracted in n-hexane/ water (1 : 1, v/v). Then, the crude quinone in n-hexane was purified using Sep-Pak Vac Cartridges Silica (Waters) and subsequently analysed by HPLC, as previously described by Hiraishi et al. (1996) . Polar lipids were extracted by using a biphasic mixture of petroleum ether and methanolic saline (Minnikin et al., 1984) and identified by two-dimensional TLC followed by spraying with appropriate detection reagents (Komagata & Suzuki, 1987) .
The cellular fatty acid contents of strain A8
T and other type strains of the genus Phenylobacterium are shown in Table 2 . 
Hydrolysis of:
Tolerance of antibiotics Ampicillin (50 mg) The major fatty acids of strain A8 T were summed feature 7 (comprising C 18 : 1 v7c/v9t/v12t; 46.8%), C 16 : 0 (15.9 %) and summed feature 4 (comprising C 16 : 1 v7c/ iso-C 15 : 0 2-OH, 10.1 %). This fatty acid profile is similar to those of closely related type strains except for the considerable amount of summed feature 4 and the absence of the hydroxy fatty acids C 12 : 0 3-OH and C 12 : 1 3-OH that are the main hydroxyl fatty acids of the genus Phenylobacterium (Abraham et al., 2008) . ECL 18.084 was only found in strain A8 T . The major isoprenoid quinone was ubiquinone-10. Two-dimensional TLC analysis of polar lipids extracted from strain A8
T showed that strain A8 T contained phosphatidylglycerol, unidentified glycolipids and an unidentified lipid (see Supplementary Fig. S1 , available in IJSEM Online).
For the measurement of G+C content of the chromosomal DNA, genomic DNA of strain A8
T was extracted and purified using a genomic DNA extraction kit (Solgent), and was enzymically degraded into nucleosides, and then the G+C content of DNA was determined as described by Mesbah & Whitman (1989) using a reverse-phase HPLC (Waters Breeze). The DNA G+C base composition of strain A8
T was 72.3 mol%, slightly higher than other type strains in the genus Phenylobacterium; this value was similar to that for 'P. zucineum' KACC 12771 (Zhang et al., 2007;  Table 1 ).
DNA-DNA hybridization experiments were performed between strain A8
T and five other related type strains of members of the genus Phenylobacterium using photobiotinlabelled DNA probes and microdilution wells as described by Ezaki et al. (1989) . Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded, and the means and standard deviation of the remaining three values are quoted as DNA relatedness values. Strain A8 T exhibited relatively low levels of DNA-DNA relatedness with respect to 'P. zucineum' KACC 12771 (11.5±3.2 %), P. immobile KACC 11962 T (6.4±2.7 %), P. lituiforme KACC 11902 T (8.1± 1.1 %), P. conjunctum KACC 13404 T (7.9±0.7 %), P. koreense KACC 11507 T (6.4±3.1 %) and P. composti KACC 12597 T (3.0±1.8 %).
From the above data, it is evident that isolate A8 T exhibits an overall chemotaxonomic profile consistent with those of members of the genus Phenylobacterium. A phylogenetic and signature nucleotide analysis based on 16S RNA gene sequence confirmed this provisional assignment. Phenotypically, isolate A8
T can be differentiated from related species of the genus Phenylobacterium. Also, isolate A8 T showed low levels of DNA-DNA relatedness with the closely related species of the genus Phenylobacterium. Based on phenotypic, chemotaxonomic, phylogenetic and genomic characteristics, together with data from DNA-DNA hybridization, strain A8
T should be classified in the genus Phenylobacterium as a representative of a novel species, for which the name Phenylobacterium muchangponense sp. nov. is proposed. On the basis of new data obtained in this study, an emended description of the genus Phenylobacterium is also proposed. The description of the genus Phenylobacterium is as given by Lingens et al. (1985) , emended by Kanso & Patel (2004) , emended by Tiago et al. (2005) , emended by Zhang et al. (2007) and emended by Abraham et al. (2008) , with the following modifications. Utilization of antipyrine or chloridazon as sole carbon source, reduction of nitrate to nitrite, oxidase activity, and hydrolysis of casein are speciesdependent. Some species contain unidentified glycolipids. The range of DNA G+C content varies between 64.0 and 72.3 mol%.
Description of Phenylobacterium muchangponense sp. nov.
Phenylobacterium muchangponense (mu.chang.po.nen9se. N.L. neut. adj. muchangponense referring to Muchangpo in the republic of Korea, where the type strain was found).
Cells are Gram-staining negative, non-motile, aerobic, catalase-and oxidase-positive, rods to coccal rods, approximately 0.5-0.6 mm in diameter and 0.7-1.3 mm in length. Colonies are colourless, circular with entire edge, convex, with glistening surface and 0.3-0.5 mm in diameter on R2A at 25 u C after 3 days. Growth occurs at 15-40 u C (optimum, 25-35 u C), pH 5.5-9.5 (optimum, pH 7.0), and with 0.0-0.5 % (w/v) NaCl (optimum, 0 % NaCl 
